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Observation of the optical Kerr effect in micro-cavities at room temperature has not been realized as it is accompanied by relatively larger thermal nonlinear effects 1. In this letter we propose and experimentally verify a method for revealing this phenomenon by utilizing the relatively long response When the pump modulation frequency becomes sufficiently faster than the thermal effects, the signal detected by the lock-in amplifier is purely due to the Kerr effect. is modulated using a Mach-Zehnder modulator (bandwidth 20 GHz) driven by an RF function generator. Two cascaded wavelength-selective couplers are used to ensure high extinction (above 38 dB) of the pump power in the probe channel. With the laser frequencies tuned to proximity of the desired WGM resonances and with the pump power modulated, the probe power is detected and the photo current is processed by the lock-in amplifier using the output of the function generator as its reference signal. The lock-in was operated in the (r,e) setting where r (in Volts) and () (in degrees) are the amplitude and the relative phase of the detected signal at the reference frequency (n ).
The output of the lock-in amplifier (r) in j1V is plotted vs. the modulation frequency in fig. (b) .
This plot is normalized to the frequency response of the entire system with the microtoroid decoupled from the fiber taper. Therefore the plot shown in fig (b) is the pure response resulting from the cross modulation of the probe beam by the pump beam. The power levels coupled to the resonator to generate the graph were about 15 j1W and 10 flwfor pump and probe beams respectively. Thermal effects can follow the modulation of the pump power up to about n = 10KHz and hence a flat response is observed prior to this frequency. At higher frequencies however a decline in the amplitude response is observed with a 3 dB comer frequency of about 25 KHz suggesting a thermal response time in the order of 6 fJS .
As mentioned in reference 2, the fastest thermal response time is associated with the conduction of heat generated in the optical mode volume to the cavity bulk material which predicts a thermal time constant of 5 fJS for this sample. The decline in the amplitude response continues until it reaches a second plateau from around 600 KHz to 10 MHz which is far beyond the modulation speeds that thermal effects can follow. By calibrating 0-7803-8557-8/04/$20.00©2004 IEEE 843 the lock-in amplifier the modulated probe power could be inferred resulting in an n 2 value of (6 ± 4) x 1O-16cm2 /Wwhich agrees well with measured n2 values for fused silica (n2 = 3 x 10-16 cm 2 ;W).
We therefore attribute the flattened response region in fig. (b) to the Kerr nonlinearity. The flat Kerr response has been observed and the inferred n2 coefficient has been obtained in numerous test samples having different quality factor optical modes. The final roll-off in the plot is due to the limited bandwidth of the cavity which does not allow the pump power in the resonator to be built up instantaneously and transferred to the probe beam.
In conclusion the present work demonstrates a powerful approach to observe Kerr nonlinearities in micro-cavities with extremely low optical powers. The simple experimental set up and room temperature operation of these measurements are attractive for studying nonlinear phenomena in micro cavity structures. The discussed method is capable of measuring the nonlinear susceptibility of the cavity material and can be used to characterize the n2 coefficient for different materials packaged in a micro cavity type structure.
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